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ELASTIC ARTICLES HAVING IMPROVED UNLOAD POWER AND A 
PROCESS FOR THEIR PRODUCTION 

FTELD OF THE INVENTION 

5 

The present invention relaxes to elastic anides and a method for their 
production. More particularly this invention relates to ethylene-based plasromer 
articles having improved unload power and a process for their production. Even 
mors particular-/ this invention relates to a plastomer precursor which, by a post 
10 polymerization process of orienting and annealing, is made into an article having 
improved unload power. 

BACKGROUND OF THE INVENTION 

15 Elastomeric polymers are utilized in a -vide variety of applications for which 

non-clastic polymers are totally unsuited For example, m articles of clothing, such 
elastomeric polymers are utilized as neck, wrist, waist, ankle and head bands. As 
the garment is worn, the eiasuc polymer band must have enough "unload power" to 
hold it in place. When the garment is not worn, it is generally desirable tha: the 

20 elastic polymer band have a low "residua] set*' so thai the elastic polymer band of 
the garment rerurns essentially to its original shape. In addition, the elastic 
polymer band must also demonstrate a high degree of repeatability as the garment 
is worn over a long period of time. In terms of garment applications, these 
constraints dictate which of those elastomeric polymer compositions now known 

25 can be fabricated into article forms which can be placed into applications m 
garments 

"Unload power" is an important elastic tensile property in elastics 
applications, particularly for garment applications For example, in diaper 
applications, the unload power of an elastomeric article provides an indication of 
30 the retractive force which holds the elastomeric article which is pan of the diaper 
leg of the garment against the infant's body. In all eUnomeric materials, the unload 
power is lower than the load power {the force required io extend the strip) This ~ 
difference shows up as a hysterisis (i.e. the force to extend is different than the 
force to hold in place) and is larger for synthetic elastomers than in the case of a 
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natural rubber. "Residual set" refers to the change between the length of an 
elastomeric material before and after hs extension to a certain length for a certain 
time for a certain number of cycles. Residual set may be for example, the percem 
change in length of a film after extension of the film to 200 percent of hs initial 
5 length through 5 cycles. Each cycle would consist of extending the film to 200 
percent of its initial length, holding the film extended for a time period, releasing 
the extending force, and allowing the film to return for a time period 

Typical elastic materials utilized for clothing applications include 
* pohrurethanes, ethylene-propylene rubbers CEP or EPRX including ethylene- 
I o propylene-diene terporymers (EFDNf), and natural rubbers 

Polyurethanes have the desired unload power, residual set and repeatability 
for use in most garment applications However, polyurethanes have a relatively 
high specific gravity, which results in a lower yield of poiyurethane articles hence a 
higher cost as compared to comparable lower specific gravity polymers. 
15 Furthermore, where the garment is to be ustd once and quickly discarded, such as 
with surgical garments or disposable diapers, polyurethanes as an dement thereof 
are over engineered for the desired use of that garment and thus overly expensive. 
For garment applications, conventional EPs and EPDMs have very poor intrinsic 
physical properties and for such applications generally must be blended with a 
20 plastic material such as low density polyethylene, linear low density polyethylene or 
ethylene vinyl acetate copolymers. Ideally, for suitability in such garment 
applications an HP and/or EPDM which does not need such blending has been 
desired. 

For polyurethanes, EPs and EPDMs. to get an "accordion* shape or 
25 "gather - formation, such as around the leg opening of a disposable diaper, it has 
been necessary to expose tha portion of the overall garment article to heat to 
cause shrinkage of the elastomeric article of the garment. Conventionally, used 
elastic materials require a relatively high shrinkage temperature. In addition, many 
of them require pre-stretching for good gather formation Exposing the garment 
30 article to such a relatively high temperature may be detrimental to ±c overall 

properties of the garment Further, the commonly used elastic materials generally 
have to be melt glued to achieve bonding to the garment, such as to a polyolefin 
layer in the garment. Controlled heat bonding to such a polyolefin substrate, if 
possible, w uld be advantageous 
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A need exists for an elastic wticle thai can be economically utilized in 
disposable garment applications. There also exists a need for use in garnent 
applications an elastic article with a relatively low shrinkage temperature. 
Additionally, there exists l need for an elastic article that can be heat bonded/sealed 
5 to polyolefins. 

A need still exists for elastic articles of optimum quality for particular uses. 
It is still a desire of the art to provide elastic articles having high quality 
characteristics composed of ethylene based plastomers. 

Accordingly, the present invention relates to elastic materials having 
1 o improved unload powers, wherein the elastic materials comprise ethylene based 
elastomers and plastomers made from metallocene catalysts. Such elasa; materials 
having improved unload powers are produced by subjecting a precuisor elastic film 
to orienting and annealing. 

IS SUMMARY OF THE INVENTION 

According to one embodiment of the present invention there is provided a 
process for producing an elastic film of improved unload power which comprises 
providing a precursor film that is oriented and annealed. Preferably, the film 
;o comprises a copolymer of ethylene polymerized with at least one corncoomer 
selected from the croup consisting of C3 to C20 alpha-olefins and C3 to C20 
polvenes. wherein the copolymer has a density in the range of about 0.855 g/cnV 
to about 0 90C g/cm3, a melt index in the range of about 0.2 to about 1000, with a 
Composition Distribution Breadth Index (CDBI) at leait about 45 percent The 

25 orientation of the Film is to a draw ratio in the range of about 2: 1 to about 20: 1 . 
The annealing is conducted at a temperature between the film softening point and 
melting point. The combination of orientation and annealing provides the 
opportunity for novel property profiles. Significant variation in the property profile 
can be achieved by controlling the amount of orientation and annealing adopted 

30 during the fabrication. 

According to another embodiment of the present invention there is 
provided an elastic film orientated to a draw ratio in the range of 2:1 to 20 1 and 
comprising a copolymer of ethylene polymerized with at least one comonomer 
selected from the group consisting of C 3 to C20 alpha-olefins and to C:o 
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polyenes, wherein the copolymer has a density in the range of 0.855 g/cxr3 to 
0.900 g/cnv, a melt Lidex in the range of 0.5 to about 1000, with a GOBI of at 
least about 45 percent. 

Preferably, the elastomer utilized in the present invention is a piastomer that 
5 is an ethylene based polymer which may be made using a transition metal 

metallocene catalyst. The piastomer having a preferred density range between 0.88 
to 0.900 g/cm 3 . 

In another embodiment, the elastic film of the invention is bonded or 
sealed to polyolefins. 

RRTEF DESCRIPTION OF THE DRAWINGS 

10 

FIG. list schematic of the present invention showing the precursor film 
being made by the slit film extrusion process (also referred to as ribbon yarn 
extrusion process), wherein the melted polymer is extruded through a die to form 
the precursor film. Aiso shown are the orienting and armtaiing apparatus for 
15 making an elastic film having improved unload power. 

FIG. 2 is a schematic of the present invention showing the precursor fikn 
being made by the blown film process, wherein the mdted polymer is blown into a 
tube and air cooled to form the precursor film. Also shown are the orienting and 
annealing apparatus for making an elastic film having improved unload power. 
20 FIG. 3 illustrates the bysterisis testing procedure used for detentunmg the 

unload power and residual set 

FIG. 4 plots the unload power at various extensions up. to 100 percent for 
elastic sample Nos. 1, 2, 5 and 7. 

FIG. 5 is a graph of the solubility distribution and composition distribution 
25 of a copolymer (X) having a narrow solubility distribution composition distribution 
and composition distribution and copolymer (Y) having a broad solubility 
distribution ccnposi *ion distribution and composition distribution. 

FIG. 6 is a graph illustrating the correlation between dissolution 
temperature and composition used to convert the temperature scale to a 
30 composition scale. 

FIG. 7 is a graph illustrating the method for calculating CDBL 
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The present invention provides a fabrication method for increasing the 
unload power of an dastic material. According to ASTM definitions relating to 
rubber, dastic materials are considered those materials which rapidly return to . 
approximately their initial dimensions and shape after substantial deformation by a 
weak stress and release of the stress. In the present invention, elastic materials are 
considered those which when stretched to twice their original length (2X) at room 
temperature ( 1 8 to 29°C) and hdd at 2X for one rninute, will retract to less than 
I 5X whhin one rninute after the deforming force is rdeased. 

The present invention rdates to dastic film having improved unload power 
produced by orienting and annealing a precursor dastic Sim. The precursor film is 
first formed by any suitable method. Once formed, the precursor film b then 
subjected to a combination of orienting and annealing to improve its unload power. 
The precursor elastic film which is to be further processed to improve its unload 
power according to the method of the present invention may be produced by any 
15 suitable method. Methods of malting film are discussed by J. H. Briston and LX. 
Katan in Plastic Films. (2nd ed. 1983). Commonly known methods of 
producing film which may be utilized in the present mvcntkm faciude casting 
(extrunon and solvent), calendering and extrusion methods, such as blow 

cx^usion or slit die extrusion. 

The present invention is suitable for improving the unload power of thin 
elastic articles. Such thin elastic articles are commonly known as rfcbon, tape, film, 
strip, etc. The difference between these particular terms is generally diniensicnal. 
For example, tape is generally thought of as being narrower than film. In the 
present invention, the terms •ribbon", tape", •film- and "strip* are generally 
25 interchangeable, with the present invention suitable fee applicarien to thin dastic 
articles and not oTmensionally Entiled. Regardless of the method of producing the 
precursor film, once ths precursor film has been produced, h must be farther 
processed to improve unload power of the film This is accomplished by a 
combination of orienting and annealing the precursor film. 
30 Orientation of non-dastic films such as polypropylene, porysryrene, nylon 

and polyethylene terephthalate to improve darity, impact strength and, particularly 
in the case f polypropylene, its barrier properties is well known m the an. 
However, while it is not known to orient and anneal dastic rnaterials, the methods 
utilized on non-elastic film are generally suitable for use with in the present process 
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for orienting elastic film. 

The orienting and annealing of the film may be carried out monoaxiaDy in 
the machine diiecrion or the transverse direction or in both directions (buodaOy) 
either simultaneously or sequentially using convention*! equipment and processes 

5 following cooling of the precursor film. Blown films tr* preferentially stretched in 
machine direction or in both Jirecuons whereas cast films are preferably stretched 
in the machine direction. Generally, for orientation m the machine direction, the 
precursor film is passed around two rollers driven at different surface speeds and 
finally to a take up roller. The second driven roller which is closest to the take up 

10 roll is driven faster than the first driven roller. As a consequence the film is 
stretched between the driven rollers. Conventional "godet" stands as are well 
known in the art may also be utilized. 

Film orientation may also be carried out in a t entering device with or 
without machine direction orientation to impart transverse direction orientation in 

15 the film. The film is gripped by the edges for processing through the tentering 

device. For most final applications, the precursor film is monoaxially oriented in the 
machine direction. 

The morphology of the plastomer derived tapes can be viewed as a matrix 
of vnorphous material interspersed with crystallites. For orienting it is generally 

20 necessary that the film be heated to between its softening point and its mdting 
point. This healing is necessary to allow extension or orientation to be induced 
into the film. Since the temperature is between the film softening point and meltinc 
point, the smaller imperfect crystallites will meh. whereas larger more perfect 
crystallites of the plastomer will remain. The molecules in the amorphous matrix 

25 become oriented or extended depending on the draw ratio and other material and 
fabrication parameters. 

For annealing, the temperature is still between the film softening point and 
melting point. The annealing step is necessary to anneal or perfect the crystallites 
that survived the orienting step and to relax out stresses. This annealing aids in 

30 maintaining the orientation or extension induced in the orienting step. The 
annealing temperature is preferably less than the orienting temperature. 

Generally once the film leaves the annealing step, ambient cooling is 
sufficient. In most cases, the film fr m the annealing step is then spooled in a 
wincing unit. 
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Suitable 61m making/orienting/annealing processes are shown in FIGs. 1 
and 2 discussed below. A commercially available orientation line includes the 
Killion ribbon yam line (model serial number 3874) 

FIG. 1 shows a schematic of a slit film extrusion process. The elastic 
5 pellets are fed into hopper 10 of extruder 12. In extruder 12 the elastic pellets are 
heaied to above their melting point and extruded througl. die 15 into film 3. Film 3 
is subsequently cooled by quenching in water bath 19. Slitter 22 is an optional 
station that slits film 3 into two or more narrower tape sections 5. Orientation and 
annealing takes place utilizing first godet stand 25, second coder stand 22, third 
;o godet stxnd 30, orienting oven 26 and annealing oven 29. Tape 5 is subsequently 
wound into spools in winding unit 33. In the orienting and annealing ovens, the 
material is generally heated to a temperature above the softening point but less that 
its melting point. 

FIG. 2 shows a schematic of a blown film extrusion process. The elastic 

15 pellets are fed into hopper 10 of extruder 12. In extruder 12 the elastic pellets are 
heated to above their melting point and extruded through die 15 into tube shaped 
film 3. Film 3 is subsequently air cooled in blown-film tower 18. Slitter 22 is an 
option., station that slits film 3 into two or more narrower tape sections 5. 
Orientation and annealing takes place utilizing first godet stand 25, second godet 

20 stand 23. third godet stand 30, orienting oven 26 and annealing oven 29. Tape 5 is 
subsequently wound into spools in winding unit 33. 

In the process of the present invention, the draw ratio to which the film is 
oriented may be any ratio that will improve the unload power of the film to desired 
levels. In both FIGs. 1 and 2, Vi. \'2 and V3 represent the film travel speed at 

25 various points as indicated. The draw ratio is the ratio of Vj to V] . Generally, the 
draw ratio of the drawn film could be at least 2 1, preferably at least 4:1 and most 
preferably at least 6:1 The upper limit on the draw ratio is generally limited by the 
properties of the elastic material utilized and the desired end properties of the 
drawn film. Generally, the draw ratio will not exceed 20:1, preferably the draw 

30 ratio will not exceed 10: 1 and most preferably the draw ratio will not exceed 6:1. 

Generally, V3 is such that the film orientation can be maintained during the 
annealing step. This means that V3 is generally ax or near \ ; 2. 

In the present invention, the type of elastomer utilized will depend upon 
economics and the properties desired in the finai end pr duct. Generally the 
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elastomer can be any of the group consisting of piastomer, styrene -butadiene 
copolymer, polychloroprene f neoprene). nitrile rubber, butyl rubber, porysulfide 
rubber (Thiokol), ris-1.4-poryisoprene. ethylene-propylene co and terporymers 
(EPR and EPDM rubber), silicone rubber and polyurethane rubber. Preferably, the 
elastomer utilized in the present invention refer generally to a class of ethylene 
based porymers having a density of less than 0.900 g/cnV (down to 0.855 g/cnv) 
at a molecular weight. M w greater than 20.000 (200 Ml and lower). Within the 
density ranges of elastomers above, the preferred ethylene based porymers are 
plastomers. Piastomers for the purposes of this patent application have an ethylene 
crystaHinity between plastics linear low density and very low density poryethylenes) 
and ethyltne/aipha-olefin elastomers and generally have a density of less than 0,900 
g/cm 3 down to 0.88 g/cm 3 . 

The piastomer utilized in the present invention is selected from the group of 
polymers consisting of ethylene polymerized with at leas: one comonomer sebcted 
from the group consisting of C3 to C20 alpha-olefins and C3 to C20 polyenes. 
Piastomer utilized in the present invention are selected from tlte group of polymers 
consisting of ethylene polymerized with at least one comonomer selected from the 
croup consisting of C3 to C20 alpha-olefins. The types of monomers selected in 
the piastomer utilized in the present invention will depend upon economics and the 
desired end use of the resultant fabricated material. The polyene utilized in the 
present invention generally has in the range of 3 to 20 carbon atoms, preferably, 
the polyene has in the range of 4 to 15 carbon atoms. The polyene is preferably a 
diene. thai generally has in the range of 3 to 20 carbon atoms. Preferably, the 
diene utilized in the present invention is a straight chain, branched chain or cyclic 
hydrocarbon diene preferably having from 4 to 20 carbon atoms, and more 
preferably from 4 to 15 carbon atoms, and most preferably in the range of 6 to 15 
carbon atoms. Most preferably, the diene is a non-conjugated diene. Examples of 
suitable dienes are straight chain acyclic dienes such as 1,3 -butadiene, 1,4- 
hexadiene and 1 ,6-ocudiene; branched chain acyclic dienes such as- 5-methyl-l .4- 
hexadicne, 3,7-dimethyl-l,6-octadiene, 3,7-dimethyM.7-oaadiene and mixed 
isomers of dihydro myricene and dihydroocinene; single ring alicyclic dienes such 
as: 1.3-cyclopentadiene, 1,4-cylcoiiexadiene, 1,5-cydooctadiereand 1,5- 
cyclododecadiene; and multi-ring alicyclic fused and bridged ring dienes such as 
tetrahydroindene. methyl, letrahydroindene, dicylcopemadiene. bicyclo-(2,2,l)- 
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hepia-2-5-dtene; alkenyl. aiKyiidftic cydoalkenyl and cycloalkyiidene norbornenes 
such as 5-mcthylf nc-2-norbornenc (MNB), S-propewt-2-norbornene. 5- 
isopiopylidene-2-norbornene. $-(4-cyclopenteiryl>2-iiGrbomene, 5- 
cydohexviidene-2-norbornene. 5-viny!-2-norbornene and norbornene. Particularly 
5 preferred dienes are L4-hexadiene. S-etrMidene-2-norbornene, 5-vinyllidene-2- 
norbornene. 5-methylene-2-norbornene and dicyclopentadiene. The especially 
preferred dienes are 5-ethylidene-2-norbornene anc 1.4-hexadiene. 

Generally, the alph? -olefins suitable for use in the present invention contain 
in the range of 3 to 20 carbon atoms, more preferably, of 3 to 16 carbon atoms 
10 and. most preferably 3 to 8 carbon atoms. Illustrative non-limiting examples of 
such alpha-olefins are propylene. l-butene. 1-peniene. 1-hexene, 1-octeneand 1- 
dodecene and the like. 

Preferably, the plastomers utilized in the material of the present invention 
are either* ethyl ene/alpha-olefm copolymers or ethytae/alpha-olefin/diene 
15 terpoiymers. Illustrative non-limiting examples of suivble copolymers are those 
such as ethylene/butene-k ethyl ene/hexene-1, ethyiene/octene-1, and 
ethylene/propylene copolymers. Suitable examples of terporymers include 
ethylene/propylene/ 1 ,4-hexadiene and ethylene/buteae-l/l f 4-hexadiene. 

The plastomers suitable in the present invention with desired monomer 
20 levels car be prepared by polymerization of the suitable monomers in the presence 
of supported or unsupported catalyst systems. Preferably the catalyst system 
utilized is a metallocene catalyst system. 

The precise monomer content of the plasiomen utilized in the present 
invention will depend upon economics and the desired implications of the resultant 
25 rr?.:erials. Typically the plastomers utilized in the preseit invention, wiD generally 
comprise in the range of 65 mole percent to 93 mole pei cent ethylene (based on the 
total moles of monomer). Preferably, the plastomers ha*x a minimum of 68 mole 
percent, most preferably, 73 mole percent ethylene, a maximum of 91. most 
preferably, 88 mole percent ethylene. 
30 The plastomers utilized in the present invention fcr example can have an 

ethylene crystalliniry less that 35 percent. Preferably, the tthylene crystailiniry is 
less than 20 percent. 

The elastomers utilized in the present invention have a density in the range 
of 0 855 g/cnv to 0.900 g/cm 5 . Preferably, the elastomers have a density of 0 860 



WO 93/16863 34130 



PCT/1393/014X3 



- 10- 

g'crr. 5 , and more preferably 0 865 wan*. Preferably the elastomers have a densrry 
of 0.890 g/cm 3 , and more preferably 0.88 g/cm 3 . Most preferably in this present 
invention is the density range of between 0 860 e/cnv* to C.88 g/cnA Densities 
were measured using standard accepted procedures, except that they were 

5 additionally conditioned by holding ihem for 48 hours at ambient temperature (23° 
C), prior io density measurement. 

The melt index (MI) of the plastomers utilized in the present invention is 
such that the plastomer can be extruded into the desi*ed end product. In addition, 
the Ml must be such that the plastom.T will have sufficient drawabiUty as desired 

10 Genet ally the melt index is in the range of 0.2 dg/min to 1000 dgfaun, preferably 
the Nil is in the range of 0.5 dg/min to 50 dg/min, and most preferably in the range , 
of 1 dg/min to 5 dg/min. MI as measured herein was determined according to 
ASTM D-1238 (1 90/2. 1 6) High load MI was determined according to ASTM D- 
1238(190/21.6). . 

15 The plastomers utilized in the present invention have a molecular weight 

distribution such that the polymer will have the desired drawabiHty and be 
processable into the desired end product. The ratio of M W 'M n is generally in the 
range of 1 .5 to 30. The maximum ratio is preferably 10 and most preferably 4. 
The minimum ratio is preferably 1.8, most preferably 2.0. 

20 The composition distribution breadth index (CDB1) of the plastomers 

u;iiized in the present invention is generally 45 percent or higher. Preferably, the 
CDBI is 80 percent or higher. Most preferably, the CDB1 is 60 percent or higher, 
and ever more preferably, 70 percent or higher. As used herein, the CDBI is 
defined as the weight percent of the copolymer molecules having a comoncmcr 

25 content within 50 percent (i.e i 50%) of the median total molar comonoroer 

content The CDBI of linear polyethylene, which does not contain a comcnomer, 
is defined to be 100% 

The CDBI is determined via the technique of Iemperature Rising Ehrtion 
fractionation (TR£F) CDBI determination clearly distinguishes, for example, the 

30 plastomers utilized in this invention (narrow composition distribution as isuiscd 
by CDBI values of 45% or higher) from products traditionally utilized in prior art 
(broad composition distribution as assessed by CDBI values generally iess than . 
45%) Composition distribution (CD), composition distribution breadth index 
(CDBI) were determined by techniques known in the an. such as temperature 
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rising elution fractionation as described, for example, in US Patent 5,008.201. or 
in Wild et al„ T PoKrmer Sci Polv Phvs Ed., volume 20. page 441 (1982), both 
of which are hereby fully incorporated herein by reference. Solubility Distribution 
is measured using a column of length 164 cm and 1 .8 cm inner diameter is packed 
5 with non-porous glass beads (20-30 mesh) and immersed in a temperature 

programmable oil bath. The bath is stirred very vigorously to minimize temperature 
gradient- within the bath, and the bath temperature is measured using a platinum 
resistance thermometer. About 1 .6 g of polymer is placed in a sample preparation 
chamber and repeatedly evacuated and filled whh nitrogen to remove oxygen from 
10 the system. A metered volume of tetrachlorethylene solvent is then pumped into 
the sampie preparation chamber, where it is stirred and heated under 3 
atmospheres pressure at 140°C to obtain a polymer solution of about 1 percent 
concentration. A metered volume of this solution, 100 cc is then pumped into the 
packed column ihermostated at a high temperature, 120°C. 
1 5 The porymer solution in the column is subsequently crystallized by cooling 

the column to 0°C at a cooling rate of -20°C/min. The column temperature is then 
maintained ai this temperature for 25 min. at 0°C. The elution stage is then begun 
- by pumping pure solvent, preheated to the temperature of the oil bath, through the 
column at a flow rate of 27 cc/min. Effluent from the column passes through a 
20 heated line to an IR detector which is used to measure the absorbance of the 

effluent stream. The absorbance of the porymer carbon-hydrogen stretching bands 
at about 2960 cm* 1 serves as a continuous measure of the relative weight percent 
concentration of polymer in the effluent. After passing through the infrared 
detector the temperature of the effluent b reduced to about 1 10°C, and the 
25 pressure is reduced to atmospheric pressure before passing the effluent stream irso 
an automatic fraction collector. F rani ons are collected in 3 °C intervals, in the 
elution stage pure tetrachlorethylene solvent is pumped through the column at 0*C 
at 27 cc/min for 25 min. This (lushes polymer that has not crystallized during the 
cooling stage out of the column so that tne percent of uncrystallized polymer (i.e 
30 the percent of polymer soluble at 0°C can be determined from the infrared trace 
The tcmperaxure is then programmed upward at a rate of 1.0°C/min. to 120°C. A 
solubility disvibution curve, i.e. a plot of weight fraction of polymer solubilizcd as 
a function of temperature, is thus obtained 

The procedure for calculating the Solubility Distribution Breadth Index 
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(SDB1) is set forth below. 

Solubility distributions of two ethylene interpolymers are shown in FIG, 5. 
Here, for illustration purposes only. Sample X has a narrow solubility distribution 
and elutes over a narrow temperature range compared to Sample Y, which has a 
5 broad solubility distribution A solubility dlsribution breadth index (SDBI) a used 
as a measure of the breadth of the solubility cmribution curve. Let *•(!) be the 
weight fraction of polymer durag (dissolving) at temperature T The average 
dissolution temperature. T av e- * s P* 6 " 

i° 120 i:o 

T ave = It MfT)dT, where MT)dT«l. 

o e 



SDBI is calculated using the relation: 
SDBI(°C) « [J(T - T ave )*»0)dTp 



SDBI is thus analogous to the standard deviation of the solubility distribution 
curve, but it involves the fourth power rar3er than the second power to T -T^ye) 
20 Thus, for example, the narrow solubility distribution Sample X and the broad 

solubility distribution Sample Y in Figure 5 have SDBI values equal to 14 ?C and 
29.4°C. respectively. The preferred values of SDBI are less than 23'C and more 
preferred less than 20°C and even more preferred less than 16°C 

The composition distribution (CD) of a crystalline interpoiymer is 
25 determined as follows. The composition and number average molecular weig,ht. 
M n . of fractions collected in various narrow temperature intervals for several 
poly<ethylene-co-butene)'s was determined by C13 NMR and si2e exclusion 
chromatography, respenrvery. Figure 6 cs a plot of mole percent comonomer vs 
elution temperature for fractions having M n > 15.000. The curve drawn -.vough 
30 the data points is used to correlate composition with elution temperature to 

temperatures greater than 0°C. The correlation between dution temperature and 
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composition becomes less accurate as the M n of a fraction decreases beicw 
15,000. Such errors can be eliminated by direr: measurement of the composition 
of effluent fractions by C13 NMR. Alternatively, the eluuon temperarure- 
composhion calibration for high molecular weight fractions given in Figure 6 may 
be corrected based on the M n of effluent fractions and an experimentally 
established correlation between M n and eluricn temperature that applies for M n < 
15,000. However, it is assumed that such low molecular weight molecules afe 
present to a negligible extent and that any errors caused are negligible. A 
correlation curve such as the one in FIG. 6 is applicable to any essentially random 
poly(ethylene-co-a-olefin) provided, however, that the a-olefin is not propylene. 

The temperature scale of a solubility distribution plot can thus be 
transformed to a composition scale, yielding a weight fraction of polymer versus 
composiuon curve. As seen from the composiuon scale in Figure 6, Sample X 
contains molecules spanning a narrow composition range, u ~eas Sample Y 
contains molecules spanning a wide composiuon range. Thus, Simple X has a 
narrow composition distribution whereas San^le Y has a broad composition 
distribution. 

A quantitative measure of the breadth r.f the composition distribution is 
provided by the CDBI. CDBI is defined to be the percent of polymer whose 
composition is within 50% of thr. median coaonomer composirioa It is calculated 
from the composition distribution curve and the normalized cumulative integral of 
die-composition distribution curve, as illustrated in Figure 7. The median 
composiuon, 0^^, corresponds to the composition at the point where the 
cumulative integral equals 0.5. The difference between the values of the 
cumulative integral at compositions 0.5 Cyj^j and 1.5 C^^j {71 • 29, or 42%, in 
this example) is the CDBI of the copolymer. CDBI values fall between zero and 
one, with large values indicating narrow CD and low vahes indicating broad CD. 
Thus, now referring back to Figure 5, the narrow and broad CD copolymers have 
CDBrs equal to 95.5% and 42%, respectrvdy. It is difficult to measure the CD 
and CDBI of copolymers having very low comonomer content whh high accuracy 
so the CDBI of polyethylcnes with densitie: greater than 0.94 g/cc is denned to be 
eq«jal to 100%. 

Unless otherwise indicated, terms such as "comonomer content*, "average 
comonomer Lcntenf and the like refer to the bulk comonomer content of the 
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indicated imerpolymer blend, blend component or fraction on a molar basis. 

The benefits to the discovery of the subject invention thai accrue from the 
s;ruaural features of piastomers alluded to above (vis-a-vis molecular weight 
distribution, composition distribution, molecular weight, comonomer type and 
5 amount) are elucidated as foUows. The narrow molecular weigh: distribution 

provides high strength and good draw down The narrow composition distribution 
(hi ah CDB1 value) provides low tackiness and a low melting temperature/mdring 
range (for heat shrinkage and "gather' formation at relatively low temperatures). 
The comonomer incorporation level in piastomers affords low specific gravity for 
io high end product yields (e.g., yards/lb of polymer). Yet. piastomers have modest 
levels of ethylene crvstallinhy (around 20%) which give rise to orientability and 
sirength in the fabricated elastic articles. Control of the molecular weight allows 
control of orientation and elasticity. Finally, piastomers are hydrocarbon-based and 
so chemically quite inert. 
15 The piastomers useful in the present invention may be produced by any 

suitable method that will yield a polymer having the required properties, that when 
fabricated into an elastic article by the method of the present invention, will have 
suitable residual set and unload power properties. An illustrative non-limiting 
example of a particularly suitable method of making the plastomer useful in the 
20 present invention utilizes a class of highly active olefin catalysts described eariier as 
transition metal metallocenes. which are well known especially in the preparation 
of polyethylene and copolyethylene-alpha-olefins. There are a number of structural 
variables which affect the ultimate properties of the plastomer. Two of the most 
important are composition distribution (CD) and molecular weight distribution 
25 Composition distribution refers to the distribution of comonomer between 
copolymer molecules This feature relates directly to polymer crystallixabifiry. 
optical properties, toughness and many other important use characteristics 
Molecular weight distribution plays a significant role in melt processabiliry as well 
as the level and balance of physical properties achievable. Also important is the 
30 molecular weight (MW) of the polymer, which determines the level of meh 

viscosity and the ultimately desired physical properties of the polymer. The type 
and amount of comonomer also affects the physical properties and crystalSzabilrry 
of the copolymer. 

The piastomers utilized in the. present invention may be made by any 
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suitable process which allows for the proper coraro! of the above mentioned 
structural features (MW, MWD. CD. comonomer type and amount) to yield the 
desired polymer with the desired elastics properties. One suitable method is 
through the use of a class of highly active olefin catalysts known as transition metal 
5 metallocenes. 

Metallocenes are weil known especially in the preparation of polyethylene 
and copolyethylene-alpha-olefins. These catalysts, panicuiarfy those based on 
g r oup IV transition metals, zirconium, titanium and hafnium, show extremely hieb 
activity in ethylene potonerization. The metallocene catalysts are also highly 

io flexible in that, by manipulation of catalyst composition and reaction conditions, 
they can be made to provide polyolenns with controllable molecular weights from 
as low as about 200 (useful in applications such as lube oil additives) to about 1 
million or higher, as for example in uhra high molecular weight linear polyethylene. 
At the same time, the molecular weight distribution of the polymers can be 

15 controlled from extremely narrow (as in a polydispersity, Mw/Mo, of about 2), to 
broad (as in a polydispersity of 8 or above). 

"Metallocene" catalysts for the purposes of this application are herein 
defined to contain one or more cyciopenudienyj or other pi-bonded moiety 
Cyclopentadienyiide catalyst systems using a metallocene complex in conjunction 

20 with an alumoxane or reaction product thereof are suitable for preparing the 
polymer utilized in the invention. The metallocene catalyst, for example may be 
represented by the general formula (C P )mMRnRp wherein a Cp is a substituted or 
unsubstituted cyclopeniadienyl ring; Mis a Group IV % V. VI transition metal; R and 
R' are independently selected halogen, hydrocarbyl group, or hydrocarboxyl groups 

25 having 1-20 carbon atoms; m - 1-3, n - 0-3, p ■ 0-3, and the sum of m + n ♦ p 
equals the oxidation stare of M. Various forms of the catalyst system of the 
meuliocene type may be used for polymerization to prepare the polymer 
components of the present invention including those of the homogenous or the 
heterogeneous, supported catalyst type wherein the catalyst and alumoxane 

30 cocatalyst are together supported or reacted together onto an inert support for 
polymerization by gas-phase, high pressure, slurry, or solution polymerization 
The use of metallocene catalysts for the polymerization of ethylene is US- A- 
4.937.299 and EP-A-0 !29 36S published July 26, 1989. US-A.4,808.561, US-A- 
4.814,310. and US-A-4.937-299 Specific methods for making ethylene/aipha- 
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olefin copolymers, and ethylene/alpha-olefm/diene terporymers are taught in US-A- 
4,871,705. The alumoxane may be prepared with water for example in the form of 
a hydrated ferrous sulfate. Other cocatarysts may he used with metaHocenes, such 
as trialkylaluminum compounds; or ionizing ionic activators or compounds such as, 
;ri (n-butyl) ammonium tetra(pentaflurophenyi) boron, which ionize the neutral 
metallocene compound. Such ionizing compounds may contain an active proton, or 
some other cation associated with (but not coordinated or only looser/ coordinated 
to) the remaining ton of the ionizing ionic compound. Such compounds are 
described in EP-A-0 277 003 and EP-A-0 277 004 both published August 3, 1988. 
Further, the metallocene catalyst component can be moo^>cyclopeniadirs/l 
heteroatom containing compound, which is activated, for example, fay either an 
arumoxane or an ionic activator to form an active polymerization catah'st 
sysiem to produce polymers useful in this present invention as is shown for 
example by WO92/00333 published January 9, 1992, US-A-5,096,867 and 
5,055,438, EP-A-0 420 436 and W09 1/04257. The catalyst systems described 
above may be optionally pTepolymerized or used in conjunction with an 
additive component to enhance catalytic productivity. Utilizing a metallocene 
catalyst, the polvmers of the present invention can be produced in accordance 
with any suitable polymerization process, intruding a slurry polymerization, gas 
phase polymerization and high pre ss ure polymerization process. 

Utilizing a transition metal metallocene catalyst, the ptastomers useful in the 
present invention can be produced in accordance with any suitable polymerization 
process, including a slurry polymerization, gas phase polymerization, and high 
pressure polymerization process. 

The plastomer of the present invention may be fabricated into any form that 
is suitable for the use to which it will serve. 

REFERENTIAL EXAMPLES 

In order to provide a better understanding of the present invention 
including representative advantages thereof the foil wing referential examples are 
offered as related to actual tens performed in the practice of this invention, and 
illustrate the suprumg and unexpected elastic properties of this present invention 
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and are not intended as a limitation on the scope of the invention. 
FY AMPLE 1 

pr eparation of Ethvlenc/afoha -olgfm Ptastomer 
(2.SMI, 0 88D. hexene-1 comonomer) - 
pynrESS SUMMARY 
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• lOwtVt solution in toluene 

10 The catalyst system for polymerizing this ethylene copolymer comprised 

bis<n-buryic>'ciopcnudiem'l) zirconium dichJoride as catalyst an** - 10 wt% 
methylaiumoxane in toluene solution as cocatalyst. 

The polymerization was conducted in a batch mode using a diluent phase 
polymerization process A 1 50 gallon pilot plant reactor was used to cany out tht 

i5 polymenzation. Prior to charging the reacums the reactor vessel was rinsed with 
tricthyl aluminum and purged with nitrogen Isopentane diluent was then fed to the 
reactor via a mol-sieve bed to remove moisture Next the required weights of 
hexene-l comonomer and cocataiyst solution (10 v,t% MAO in toluene) were 
charged The reactor contents were heated to leaction temperature At thermal 

20 equilibrium, ethylene was slowly fed to the reactor until the pressure set point was 
reached 

Reaction was initiated by controlled addition of catalyst (3x10 mg 
charges) This was followed by addition, as needed, to build and sustain a 
controllable reaction. Reaction rate wm rnonitored by noting reactor temperature 
25 and heat removal rates from the water heat exchanger. The reaction was killed 
after 60 lbs of ethylene had been fed to the reactor Product recovery begirt by 
slowly venting the reactor to 5 psi. followed by adding wster and. with a nitrogen 
purge to flare, heatir.g the mixture to I65°F to flash remove the isopentane and 
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unreaaed comonomer The produa was recovered from the reactor, compounded 
with Irganox-1076 stabilizer and meh extruded to screen out contaminant* and 
pelletize the materia!. 

The produa was analyzed to have a Melt Index of 2.8, density of O.tt 
g'cm3 and a Meh Index Ratio (121 ^2.16) of 23. It will be recognized by persons 
skilled in the an that products with different Melt Indices and Densities to the 
above produa can be obtained by adjusting the process conditions. AdtftionaJry, 
the composition of the product can be altered, depending on the choice of alpha- 
olefin co monomer. 

EXAMPLE 2 

Table 1 shows the description of the samples utilized in this example. 
Numbers 1 and 2 are the same plastomer sample made according to example 1 
above Number 1 was fabricated to a draw ratio of 5: 1 according to the method of 
the present invention, whereas Number 2 was produced in a traditional cast film 
operation and was not subjea to the combination of orientation rad annealing as 
was Number 1 . Numbers 3, 4 and 6 have appreciable levels of ethylene 
crystal linhy and do not show good elastic response and extensibflky by the 
fabrication of this method. Numbers 5, 6 and 7 are commercially available 
materials Number 5 was obtained in 2 mil strip form, whereas Number 7 was 
obtained in 2 mil film form 

Elastic sample No. 1 and non-elastic sample Nos. 3, 4 and 6 were 
fabricated into oriented tapes or ribbons, using a Killion ribbon yarn line (Model 
Serial No. 3874) This apparatus can be represented by the schematic of FIG, 1 
except that a slitter was not utilized. 

Table 2 provides a dimensional characterization of the fabricated strip 
samples used in the evaluation. 

The hynrrisis testing procedure used is shown in FIG 3. The mtthod is 
based on a procedure described by DuPont in its brochure on its poryether urethane 
clastic product. T-722A. The testing was conducted on an Instron Model No. 
1 122. Twelve inch lengths of the sample film strip \o be tested were held by the 
Instron jaws and extended 1 00% using i tross-hesd speed of 500 mnVmin 
Following the extension, the cross head was retraaed. also at 500 mm/min. back to 
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the original position. This cycling was conducted six times. The force versus 
extension curves were plotted (chart speed also 500 mm/mm) as is shown in FIG. 
3 . Key pieces of information that are extracted from these plots are maximum 
force reached at the end of each extension (lb force), residual set at the end of five 

5 cycles (an, %) and the unload powers measured during the fifth cycie retraction at 
various elongations (lb force). Generally five lengths were tested for each sample, 
with mean values over these samples developed. 

FIG. 4 plots the unload power at various extensions up to 100 percent for 
elastic sample Nos. 1, 2, 5 and 7. Sample Nos. 3, 4 and 6 were too crystalline 

10 (non-elastic) and did not have sufficient extensibility to survive the repeated cycling 
to 100 percent. As seen in FIG. 4. the unload power is very dependent on the 
particular fabrication approach. The same polymer (plastomer of Example 1) can 
be made to show different unload power values, depending on fabrication 
. technique. The fabrication process of this invention which includes the 

15 combination of orientation and annealing, provided a much higher value of unload 
power than was obtained using a traditional extrusion casting fabrication technique. 

Table 4 shows a stitnmary of the hysterisis testing on cycling to 100% 
extension. The set after 5 cycles appears comparable for the 4 samples, ranging 
from 1 5 to 20 percent, per the testing procedure followed The high unload power 

20 and the favorable low set value provided by sample No. 1 (plastomer ribbon), 
demonstrate the utility of the fabrication process of this invention to provide 
suitable elastic end products. 

Table 3 shows shrinkage measurements at elevated temperatures (i.e. 
shrinkage of original lengths) on the 4 samples that survived cycling to 100 percent 

Z5 extension. The fabrication process of this invention provides high shrinkige at 
lower temperatures, which is an advantage in certain elastic applicauons (compare 
values for plastomer ribbon versus plastomer cast film strip) 

Table 5 quantifies the force at break values and the ultimate elongation 
values during tensile testing of the tape/film on an lnstron Model 1 122 with cross 

30 head speed of 500 mm/min. 
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1. An elastic film having been orientated to a draw ratio in the range 
of about 2: 1 to about 20:1, said film compri sbg a copolymer of ethylene 
polymerized with ax least one comonomer selected from the group consisting of C3 
to Cg) alpha-olcfms and C3 to C^ polyenes ctilrring a metallocene catalyst, 
said copolymer having a 'density in the range of 0.855 g/an 3 10 less th<m 0.900 
g/cm\ a melt index in the range of 02 to 1000, a Composition Distribution 

- Breadth Index of 45 percent or higher and a molecular weight distribution . in 
the range of about 1.5 to 30. 

2. The elastic film of claim 1 wherein the copolymer has a density 
from 0.88 to less than 0.900 g/cm3. 

3. The elastic film of any one of the preceding claims wherein the 
copolymer has a mdt index less than 100. 

4. The elastic film of any one of the preceding wherein the elastic film 
is produced by sOt-die extrusion. 

5. The elastic film of any one of the preceding wherein the elastic film 
is produced by blown film extrusion. 

6. The elastic film of any one of the preceding wherein the alpha-olefin 
is selected from the group consisting of propylene, 1-butene; 1-pentene, 1-hexene, 
1-octene and 1-dodecene. 

7. The elastic film of any one of preceding claims wherein the 

30 copolymer has 1 density in the range from 0.860 g/cm3 to 0.890 g/cm3, a meh 
index from 0.5 to 50, a molecular weight distribution from 1.8 to 10, and a 
Composition Distribution Breadth Index of at least 60 percent 



35 



8. The elastic film of any one of the preceding claims wherein the 
polyene is a diene selected from the group consisting of straight chain dienes, 
branched chain dienes and cyclic hydrocarbon dienes. 
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9. The elastic film of any one of the preceding claims wherein the 
diene is selected from the group consisting of 1.3-butadiene, l.A-hexadiene, 1.6- 
octadiene, 5- methyl- 1,-i-hexadiene, SJ-dimethyi-i.o^aadiene. 3 J^imethyi-l.T- 
onadiene, mixed isomers of dihydro myricene and dihydroocinene, 1.3- 
cyciopentadiene, U4-cyIcohexadiene, 1.5-cyciooctadiene and 1,5- 
cydododecadiene, tei.ahydroindene, methyl tetrahydroindene. dicylcopentatfiene. 
bicyclo-(2,2, 1 )-hepta-2-5-diene, 5-methylece-2 (MNB), 5-prcpenyl-2- 

norbornene, 5-isopropylidene-2-norbomene, 5-{4-cydopemenylV2 -norbomene. 5- 
cyciohexylidene-2-norbomene, 5-vinyl-2-ncrbornene and norbomene. 

10. The elastic fiba of any one of the preceding claims wherein the 
copolymer comprises in the range of 65 moie percent tc 93 mole perce-: ethylene 
ibased on the total moies of monomer). 

1 1. The elastic fiim of any one of the preceding claims wherein tr.e 
copolymer comprises \n the range of ?3 moie percent to 88 note percent e;hylene 
4 based on the totaj moles of monomer). 

12 The eiastic fiim of any cne of the precvdine claims wherr-i the 
coploymer has an ethylene crystalliniry less than 20 percent 

) 3 The elastic film of any one of the preceding claims wherein the 
elastic film »s bonded or sealed to polyolenns 

14. A product made with the elastic film of any one of the preceding 

claims. 
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